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PRELIMINARY ASSESSMENT OF THE GEOCHEMISTRY AND 
MINERAL FAVORABILITY OF THE POSTOROGENIC GRANITES 

OF THE SOUTHEASTERN ARABIAN SHIELD, 
KINGDOM OF SAUDI ARABIA

by

J. S. Stuckless!/, G. VanTrump, Jr.!/» 
E. H. Christiansen.2/, c. A. Bush!/, 
C. M. Bunker!/, and A. J. Bartel!/

ABSTRACT

Chemical analyses of samples for 19 postorogenic plutons 
from the southeastern Arabian Shield show that these rocks 
have average potassium/rubidium ratios (162) and average 
rubidium/strontium ratios (11.8) characteristic of highly 
evolved granites. Most of the analyzed samples are peralum- 
inous. Three plutons are physically similar in terms of shape 
and megascopic textural zonation to peralkaline complexes in 
the northeastern part of the Shield, but none of the samples 
from these plutons is peralkaline. However, these plutons do 
contain the least-evolved samples.

Zinc, yttrium, uranium, thorium, and possibly copper, 
each occur in anomalously high concentrations in ,at least one 
pluton relative to contents typically cited for granite. The 
average regional concentrations of copper and zinc are 
anomalously high. These facts suggest at least a moderate 
potential for mineralization in the southeastern part of the 
Shield. Good correlations (r of 0.5 to 0.8) between uranium, 
thorium, yttrium, and rubidium and an excellent correlation 
(r=0.98) between uranium and radium-equivalent uranium 
suggest that secondary deposits of these elements are 
unlikely and that magmatic deposits, especially of a 
pegmatitic nature, are more likely.

Concentrations of some major elements and several trace 
elements covary with sample location as measured by latitude 
and longitude. This fact is interpreted to reflect regional 
variations in the protolith that have been proposed on the 
basis of lead isotopic data. The chemical variations suggest 
a largely oceanic crustal component for granites in the 
southwestern part of the southeastern Shield and a largely 
continental crustal component to the northeast.

!/ U.S. Geological Survey, Denver, Colorado 80225 
£/ Department of Geology, University of Iowa, 

Iowa City, Iowa 55242



Further quantitative analysis is recommended to verify 
and accurately delineate anomalous concentrations of trace 
elements. Trend surface analysis of all available data for 
postorogenic granites from the eastern Arabian Shield is 
suggested as a method for testing regional variations in the 
protolith that might control locations of highly favorable 
areas of ore deposition.

INTRODUCTION

This report is the result of research performed by the 
U.S. Geological Survey (USGS) in accordance with a work 
agreement with the Ministry of Petroleum and Mineral 
Resources, Kingdom of Saudi Arabia. The research is part of a 
study of the petrogenesis and mineral potential of the grani­ 
tic rock of the Arabian Shield. This report provides recon­ 
naissance results for postorogenic granites within a region 
(fig. 1) identified as anomalously metalliferous by du Bray 
and others (1983).

Postorogenic granites were intruded throughout the 
Arabian Shield from about 650 m.y. ago until at least 540 
m.y. ago (Fleck and others, 1980). The granites are typically 
hypersolvus members of the calc-alkaline suite (Stoeser and 
Elliott, 1980), although subsolvus examples are common, 
particularly in the southeastern part of the Shield (du Bray 
and others, 1983). Chemically, the granites have high silica 
contents and range from peralkaline to peraluminous (Stoeser 
and Elliott, 1980; Stuckless and others, t

Postorogenic granites were chosen for this investigation 
because of their probable association with ore deposits in 
other parts of the world (for example, Wilson and 
Akerblom, 1980; Doe and others , t^- p****-} and because of their 
importance to investigations of crustal evolution (for 
example, Anderson and others, 1980; Anderson, 1983). Many of 
these granites are highly evolved petrologically (for 
example, Barker and others, 1976; Anderson and Cullers, 1978; 
Cullers and others, 1981), and, in the area of the Arabian 
Shield, they contain anomalous amounts of incompatible trace 
elements (Harris and Marriner, 1980; Cole and others, 1981; 
Radain and others, 1981).

The classification of igneous rocks used in this report 
is that recommended by the IUGS Subcommission on the nomen­ 
clature of plutonic rocks (Streckeisen, 1973). The granites 
are subdivided on the basis of alumina saturation as defined 
by Shand (1951). Rocks with molar ratios of Al/(Na+K)<l are 
peralkaline, Al/(Na+K)>l and Al/ (Na+K+Ca)<l are metaluminous , 
and Al/(Na+K+Ca)>l are peraluminous.
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ANALYTICAL PROCEDURES

Concentrations of major elements (table 1) were obtained 
by high-precision X-ray fluorescence (Taggart and others, 
1982). This technique uses an 0.8 g aliquot of fused sample 
powder. Results are considered to be precise and accurate 
within +_ 2 percent of the amount reported (2a) for abundances 
in excess of 1 percent absolute. A fourth digit is reported 
for SiC>2 and A1203, which is not significant for any 
one sample but which may be significant in the statistical 
treatment of the entire data set (A. T. Miesch, oral commun., 
1980). Values for MgO, Ti02» P2°5» and Mn° that are 
less than the detection limit (0.10, 0.02, 0.05, and 0.02, 
respectively) are arbitrarily assigned values of one-half the 
value of the detection limit for purposes of normative and 
statistical calculations.

Uranium and thorium concentrations (table 2) were deter­ 
mined on 8 to 10 g aliquots of sample powder by the delayed 
neutron technique (Millard, 1976). Accuracies for reported 
values, based on counting statistics, vary with concentra­ 
tion. Uranium concentrations are accurate to between _+ 4 and 
+_ 8 percent for more than 2 parts per million (ppm), to 
between _+ 8 and +_ 14 percent for 1 to 2 ppm, and to between 
+_ 14 to +_ 36 percent for less than 1 ppm. Thorium concentra­ 
tions are accurate to between _+ 8 and _+ 30 percent for more 
than 6 ppm and to about +_ 50 percent for less than 6 ppm 
(2 a ). Thorium values greater than 10 ppm are generally 
accurate to within _+ 15 percent of the amount reported.

Radium-equivalent uranium (RaeU), thorium (eTh), and 
potassium (eK) values (table 2) were determined by sealed-can 
gamma-ray spectrometry on 600 g of coarsely crushed (-32 
mesh) sample (Bunker and Bush, 1966, 1967). The prefix "e" is 
used to designate this analytical method. The potassium value 
obtained by this technique is an actual measure of potassium 
and is generally precise and accurate (2 a) to within +_ the 
quantity [2 percent of the amount reported plus 0.03 percent 
absolute]. The large sample size used for gamma-ray spectro­ 
metry essentially eliminates splitting errors, and, there­ 
fore, eK is used throughout this report for calculation of 
radioelement ratios and statistical parameters.

Although eTh is not determined directly from thorium, 
disequilibrium within the thorium decay chain is unlikely. 
The precision and accuracy (2a) for eTh is better than +_ the 
quantity (2 percent of the amount reported plus 0.1 ppm 
absolute). The value eTh is used in preference to Th for 
radioelement ratios and statistical calculations because of 
higher precision, lower detection limit, and smaller split­ 
ting error. RaeU is the amount of uranium needed for secular 
equilibrium with the indirectly measured 226Ra. Radioactive
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disequilibrium between 238y ancj 226^a ^n granitic rocks 
is commpn (for example, Stuckless and others, 1977), and, 
therefore, U is used in preference to RaeU for radioelement 
ratios and statistical calculations. Accuracy and precision 
(2a) for RaeU values are within +_ the quantity (2 percent of 
the amount reported plus 0.1 ppm absolute).

Concentrations of copper (Cu), zinc (Zn), rubidium (Rb), 
strontium (Sr), yttrium (Y), and zirconium (Zr) (table 2) 
were determined by X-ray fluorescence on loose, finely ground 
(-200 mesh) sample powders. Estimated precision is +_ 10 per­ 
cent (2 a) for Rb, Sr, Y, and Zr, and +_ 20 percent for Cu and 
Zn; however, Cu values may not be accurate within the limits 
of precision because standard values at low concentrations 
are not well known. Niobium and molybdenum were looked for, 
but concentrations were generally below the limits of detec­ 
tion (6 and 4 ppm, respectively), and, therefore, results for 
these elements are not reported.

Statistical formulae and methods used are those described 
by VanTrump and Miesch (1977). Statistical parameters: mean, 
standard deviation, skewness, kurtosis, and correlation, for 
trace elements (those reported in parts per million in table 
2) were calculated from the logarithms of the data. Antilog 
values are reported for geometric means and standard devia­ 
tions. Normative mineralogy (table 1) was calculated by 
methods described by Stuckless and VanTrump (1979).

RESULTS AND DISCUSSION 

Petrogenetic considerations

The granitic samples from the southeastern Arabian Shield 
yield a large range of chemical compositions as shown by 
minimum and maximum values and by large standard deviations 
(table 3). Although the mean and range of major- and trace- 
element contents are similar to those reported for postoro- 
genic granites from the northeastern part of the Shield 
(Stuckless and ot her s, ̂ p ****>'#&L/>^ standard deviations fpr 
trace-element contents and ratios are much larger. Also, the 
fact that absolute values for skewness and kurtosis are 
larger for the trace-element contents of granites from the 
southeastern part of the Shield indicates a poorer fit to a 
log-normal distribution.

The granites sampled in the current study can be sub­ 
divided into three groups on the basis of field occurrence. 
The granites from Wadi al Habbah and Madha (R and S, res­ 
pectively, fig. 1) are largely concordant bodies with region­ 
al metamorphic structures and, therefore, may be orogenic in 
origin. The granites of Najran, Jabal Ashirah, and Jabal al
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Table 3. Statistical summary for chemical compositions of granite samples from the 
southeastern Arabian Shield
[Oxide concentrations are in weight percent; trace-element contents are in 
parts per million. Average granite values from Krauskopf (1967) with major 
elements converted to oxides and normalized to 100 percent]

si o2
A1 203
Fe203
MgO
CaO
NaoO
K20
T102
P2°5
MnO

U

RaeU

Th

eTh

Cu

Zn

Rb

Sr

Y

Zr

K/Rb

Rb/Sr

eTh/U

eTh/eK

eK/U

Number 
of samples

73
73
73
73
73
73
73
73
73
73

73

73

66

73

73

73

73

72

70

73

73

72

73

73

73

Ml nirnum

66.66
10.89
0.36
0.05
0.12
3.05
0.90
0.01
0.01
0.01

0.27

0.2

2.1

0.3

22

30

19.0

1.0

1.0

10.0

36.9

0.02

0.10

0.10

0.11

Maximum

80.19
17.24
5.29
1.14
4.58
5.14
6.48
0.48
0.13
0.17

26.9

31.0

73.7

106

148

240

952

988

221

977

1250

372

14.6

36.4

11.2

Mean

74.81
13.41
1.38
0.15
0.76
3.99
4.28
0.09
0.03
0.04

4.46

4.16

16.7

12.2

59.9

92.6

195

24.0

38.2

95.4

176

8.11

2.74

3.48

0.79

Standard 
deviation

±2.35
±1.13
±0.91
±0.18
±0.73
±0.46
±0.88
±0.10
±0.03
±0.03

+7.61
-2.81

+7.32
-2.65

+15.5
-8.8

+30.1
-8.7

+30.3
-20.1

+49.1
-32.1

+332
-123

+108.6
-19.7

+77.7
-25.6

+128.5
-54.8

+265
-106

+92.9
-7.46

+2.68
-1.36

+7.22
-2.35

+1.16
-0.47

Skewness

-1.25
0.73
2.00
3.30
3.22
0.23

-1.49
1.62
2.19
1.71

-0.88

-0.86

-0.72

-1.49

-0.49

-0.04

-0.45

0.25

-0.92

0.43

0.09

-0.35

-2.01

-1.35

0.62

Kurtosls

2.32
1.28
5.12

13.32
12.64
-0.30
4.81
2.67
3.80
3.88

0.93

0.85

0.74

2.07

-0.11

-0.14

-0.67

-0.80

1.03

1.07

-1.11

-0.68

10.17

2.28

1.00

Average 
granite

72.64
13.67
3.63
0.25
2.10
3.54
3.74
0.36
0.03
0.05

4.8

-

17

-

10

40

150

285

40

180

-

-

-

-

-
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Hassir (K, L, and V, respectively, fig. 1) are similar to 
postorogenic peralkaline intrusive rocks in the northeastern 
part of the Shield in that rim phases are very coarse 
grained, one-feldspar granites in which black amphibole is 
the dominant mafic mineral. However, these three granites 
from the southeastern part of the Shield have molar Al/(Na+K) 
ratios greater than 1 (table 2) and are not peralkaline by 
the definition of Shand (1951) but rather are evenly divided 
between metaluminous and weakly peraluminous. These plutons 
are referred to as postorogenic hypersolvus granites. The 
remaining plutons are referred to as postorogenic subsolvus 
granites; all samples from these plutons have molar ratios 
Al/(Na+K+Ca) greater than 1 and are, therefore, peraluminous 
(table 2).

Mean values and standard deviations for oxide and trace- 
element contents and ratios of samples from the southeastern 
Shield collected for this study are given in table 4 for the 
three groups of granites and for all of the postorogenic 
granites combined. The data clearly demonstrate that the 
concordant and possibly erogenic granites are chemically 
distinct from the postorogenic granites in that they contain 
more aluminum, magnesium, calcium, and strontium and less 
silica, potassium, uranium, thorium, rubidium, and yttrium. 
All of the trace-element ratios (table 4) and the Na/K ratio 
are markedly different for the two groups, and it is unlikely 
that they are related genetically.

Differences also exist between the hypersolvus and sub­ 
solvus postorogenic granites, but these are generally smaller 
than the differences noted between the postorogenic and pos­ 
sibly erogenic granites. The average iron content of the 
hypersolvus granites is more than double that of the subsol­ 
vus granites (table 4). The most striking difference is in 
zirconium content, which is more than four times greater in 
the hypersolvus granites. This high mean value (343 ppm, 
table 4) is similar to that noted for metaluminous postoro­ 
genic granites from the northeastern part of the Shield (381 
ppm, Stuckless and others, 1982b), and is distinctly anoma­ 
lous relative to the approximately 100 ppm saturation limits 
for zirconium cited by Watson (1979) for experimental systems 
that have similar molar ratios of Al/(Na+K). Both iron and 
zirconium enrichments are commonly associated with silicic 
peralkaline igneous rocks. The hypersolvus granites also 
differ from the other postorogenic granites from the south­ 
eastern part of the Shield in trace-element ratios. The mean 
K/Rb ratio is larger and the mean Rb/Sr ratio is smaller in 
the hypersolvus granites (table 4). These differences are 
similar to those noted between metaluminous and peralkaline 
or peraluminous samples from single plutons within the north­ 
eastern part of the Shield (Stuckless and others, 1982b), and 
can therefore be attributed to differing degrees of magma
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Table 4. Comparison of means and standard deviations for subgroupings of granite 
samples from the southeastern Arabian Shield

Postorogenic samples

Si02

A1 203

Fe203

MgO

CaO

Na20

K20

Ti02

P2°5

MnO

U

RaeU

Th

eTh

Cu

Zn

Rb

Sr

Y

Zr

K/Rb

Rb/Sr

eTh/U

eTh/eK

eK/U

All

Mean

75.02

13.24

1.40

0.13

0.62

3.96

4.42

0.09

0.03

0.04

5.14

4.89

17.13

15.39

60.4

97.0

224

18.9

39.9

101.0

162

11.8

2.99

4.15

0.72

samples
Standard 
deviation

±2.20

±0.93

±0.92

±0.13

±0.41

±0.45

±0.64

±0.10

±0.03

±0.03

+6.53 
-2.88

+6.24 
-2.74

+18.02 
-8.78

+22.98 
-9.22

+29.9 
-20.0

+47.0 
-31.7

+317 
-131

+67.8 
-14.8

+79.2 
-26.5

+134.9 
-57.8

+235 
-96

+92.6 
-10.5

+2.02 
-1.21

+5.96 
-2.45

+0.88 
-0.40

Hypersolvus 
samples

Mean

72.73

13.20

2.69

0.13

0.80

3.89

5.06

0.21

0.03

0.05

3.93

3.71

12.74

11.17

72.2

114

113

51.8

37.2

343.3

372

2.2

2.85

2.62

1.09

Standard 
deviation

±2.91

±0.93

±1.31

±0.09

±0.31

±0.35

±0.46

±0.13

±0.02

±0.02

+2.13 
-1.38

+1.69 
-1.16

+4.18 
-3.15

+3.83 
-2.85

+44.9 
-27.9

+46 
-33

+51 
-35

+51.1 
-25.7

+24.5 
-14.8

+401.7 
-185.1

+189 
-125

+1.8 
-1.0

+1.00 
-0.70

+1.16 
-0.80

+0.68 
-0.42

Subsolvus 
samples

Mean

75.52

13.24

1.12

0.13

0.58

3.97

4.28

0.06

0.03

0.04

5.44

5.19

18.31

16.48

58.1

93.7

259

15.2

40.5

77.7

136

17.0

3.03

4.58

0.66

Standard 
deviation

±1.68

±0.94

±0.48

±0.14

±0.04

±0.47

±0.59

±0.07

±0.03

±0.04

+7.60 
-3.17

+7.33 
-3.04

+21.27 
-9.84

+27.69 
-10.33

+26.6 
-18.2

+46.1 
-30.9

+373 
-153

+57.7 
-12.0

+92.0 
-28.1

+63.9 
-35.1

+189 
-79

+141 
-15.2

+2.23 
-1.29

+7.14 
-2.79

+0.85 
-0.37

Possible 
erogenic 
samples

Mean

71.84

15.81

1.18

0.42

2.62

4.48

2.42

0.11

0.05

0.04

0.65

0.46

 

0.54

52.8

49.8

31

569

8.5

44.1

533

0.05

O.S3

0.32

2.57

Standard 
deviation

±2.56

±0.91

±0.87

±0.46

±1.45

±0.32

±1.58

±0.12

±0.05

±0.05

+1.64 
-0.47

+0.63 
-0.27

 

+0.71 
-0.31

+38.3 
-22.2

+21.5 
-15.0

+17 
-11

+366 
-223

+5.4 
-3.3

+28.6 
-17.4

+183 
-136

+0.08 
-0.03

+2.60 
-0.63

+0.92 
-0.24

+9.04 
-0.63
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evolution such that the subsolvus granites represent more 
evolved members of a single petrogenetic suite, all of which 
is highly evolved.

Permissive evidence for a genetic relationship among all 
the postorogenic granites is provided by plots of the data in 
the normative feldspar system (fig. 2) and the normative 
Q-Ab-Or (granite) system (fig. 3). The fact that most of the 
data for both the hypersolvus and subsolvus granites (fig. 2) 
cluster along the 2-kb water-saturated boundary curve sug­ 
gests equilibration under similar physical conditions. Signi­ 
ficantly, data for three of the five possibly erogenic gran­ 
ite samples plot far from equilibrium feldspar compositions 
within the area where plagioclase is expected to crystallize 
first.

The trend of data within the Q-Ab-Or system (fig. 3) is 
similar to that noted for single postorogenic plutons in the 
northeastern part of the Shield (Stuckless, unpublished 
data). Data for several samples of hypersolvus granite plot 
well below the water-saturated, polybaric minimum and form a 
trend directly toward the quartz apex. This trend can be 
interpreted to reflect a high-pressure partial melting at 
water-undersaturated conditions and crystal fractionation at 
lower pressure and increasing water activity. As in the 
feldspar system, more than half of the data for the possibly 
erogenic granites plot well away from the data for the 
postorogenic granites.

Correlation analysis (table 5) also yields permissive 
evidence for a genetic relationship between the two types of 
postorogenic granites. Several elemental pairs that typically 
covary in single petrogenetic suites exhibit high correlation 
coefficients (for example, CaO or MgO with Sr and Ti02 with 
Fe2^3) in spite of the wide geographical separation of 
plutons. This fact suggests that the various plutons were 
derived from similar source material by similar processes and 
that differentiation followed similar paths. However, as 
would be predicted from geographical consideration, several 
low correlation coefficients (such as K^O with most 
variables) preclude a true cogenetic relationship.

Economic considerations

Concentration data indicate at least a moderate favor- 
ability for mineralized areas in the southeastern Arabian 
Shield. Copper, zinc, uranium, and yttrium each occur in at 
least one pluton in concentrations that are well above 
average levels for granite. Although individual values for 
copper (and to a lesser extent zinc) have large analytical 
uncertainties, the average concentrations of these elements
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Ab 37 44 51 58 Or

Figure 2. Ternary diagram showing normative feldspar data for granite samples from 
the southeastern Arabian Shield; An, anorthite, Ab, albite, Or, orthoclase. 
Curved lines show the position of water-saturated, eutectic compositions at 2 and 
8 kb (Whitney, 1975). Squares represent possible orogenic granites, triangles 
represent postorogenic hypersolvus granites, and pluses represent postorogenic 
subsolvus granites.
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20

20 40 60 80

Ab 28 33 38 43 Or

Figure 3. Ternary diagram showing normative quartz (Q), albite (Ab), and orthoclase 
(Or) data for granite samples from the southeastern Arabian Shield. The position 
of the polybaric ternary minimum (Tuttie and Bowen, 1958; Luth and others, 1964) 
is shown by asterisks. Squares represent possible orogenic granites, triangles 
represent postorogenic hypersolvus granites, and pluses represent postorogenic 
subsolvus granites.
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for all of the postorogenic plutons exceed average concentra­ 
tions for granitic rock (Cu=10 ppm, Zn=40 ppm, Krauskopf, 
1967) by factors of approximately 6 and 2.5, respectively. 
Furthermore, semiquantitative spectrographic analyses for 
these elements in more than 600 granitic samples from the 
southeastern Shield also yield anomalous average values (du 
Bray and others, 1983).

In addition to generally anomalous levels of copper and 
zinc in the postorogenic granites in the southeastern Arabian 
Shield, there are a few plutons for which chalcophile-element 
contents are distinctly greater than the anomalously high 
regional background levels. Even though the low number of 
samples and large analytical uncertainties preclude a statis­ 
tically valid assessment of average copper and zinc contents 
for individual plutons, it is noteworthy that average copper 
contents at Jabal Kebad and Jabal al Hassir (locations I and 
V, fig. 1) are more than one standard deviation greater than 
the regional background. The average zinc content at Jabal 
Bani Bwana (location Q, fig. 1) is, likewise, more than one 
standard deviation greater than the regional background. 
Average zinc and copper contents from several other areas, 
although not anomalous relative to the regional high back­ 
ground, are distinctly high relative to average granite: 
Jabal Tarban, Jabal Sabhah, Jabal Hawshat ibn Hawayl, Jabal 
Sahah, Najran, and Jabal al Gaharra (locations A, C, D, F, K, 
and M, respectively, fig. 1).

Yttrium is geochemically very similar to the rare-earth 
elements (REE) dysprosium and holmium (Felsche and Herrmann, 
1978). Yttrium, therefore, provides an accurate prediction of 
at least middle REE contents. The average yttrium content (40 
ppm, table 4) for the postorogenic granites from the south­ 
eastern Arabian Shield is identical to that listed by 
Krauskopf (1967) for granites in general, and it is, there­ 
fore, not considered to be anomalous. However, average 
yttrium content (156 ppm) for samples from Jabal Sabhah 
(location C, fig. 1) is greater than the regional mean value 
plus one standard deviation (119, tables 2 and 4). Samples 
from Jabal Hawshat ibn Hawayl (location D, fig. 1) yield a 
mean yttrium content of 111 ppm, which is just slightly less 
than the regional mean plus one standard deviation. These 
anomalous values suggest the possibility of REE mineraliza­ 
tion in the northern part of the southeastern Shield. In 
addition to these larger scale anomalies, there are a few 
anomalous samples. One of these, sample 155537, was collected 
along the margin of a pegmatite. Such pegmatites could 
provide sites for significant REE concentrations.
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Average uranium and thorium contents for postorogenic 
granites from the southeastern Shield (table 4) are nearly 
identical to those reported for approximately 2,500 graniiic 
samples .from the contiguous United States (U = 3.54 to 00* 
Th = 16.76 - l:|3» Stuckless and VanTrump, 1982) and'are 
slightly lower than those reported for postorogenic granites 
of the northeastern Arabian Shield (U = 5.63 *2 36 » Ttl = 
16.54 t^e'ei* Stuckless and others, (MP"*^-0- Thus, 'the post­ 
orogenic granites of the southeastern Shield do not indicate 
a region that has an anomalous endowment of radioelements. 
However, like yttrium, uranium and to a lesser extent thorium 
occur in anomalous amounts in a few plutons.

A comparison of uranium content in granite samples from 
the southeastern Shield with normal contents (the mean plus 
or minus one standard deviation) of granites from the conti­ 
guous United States was plotted as a function of areal dis­ 
tribution (fig. 4). Five plutons (Jabal Tarban, Jabal Sabhah, 
Jabal Hawshat ibn Hawayl, Jabal al Hawshaw, and Jabal Sahah) 
from the northern part of the southeastern Shield (locations 
A, C, D, E, and F) and the pluton at Jabal al Gaharra (loca­ 
tion M) exhibit anomalously high uranium contents. At least 
four of these six plutons, Jabal Tarban, Jabal Sabhah, Jabal 
Hawshat ibn Hawayl, and Jabal al Gaharra, are also anomalous 
with respect to other elements of economic interest.

The areal distribution of thorium values relative to the 
mean and standard deviation of thorium values in granites 
from the contiguous United States (fig. 5) shows that thorium 
content is anomalously high at Jabal Sabhah and Jabal al 
Hawshaw (locations C and E) and that only one other sample is 
anomalously rich in thorium. This sample (155537, location J) 
is a distinctly banded rock that was collected next to a peg­ 
matite at Huqban and is, therefore, probably not representa­ 
tive of the pluton as a whole. This sample is also anomalous­ 
ly enriched in uranium and yttrium. These elements could also 
have been introduced from a late-stage pegmatite that was 
anomalously rich in incompatible elements.

Stuckless and VanTrump (1982) have pointed out that Th/U 
ratios can be useful in the assessment of uranium favorabil- 
ity for secondary deposits. Very large or highly variable 
Th/U ratios may indicate a significant post-crystallization 
loss of uranium from granite. The mean Th/U ratio for the 
postorogenic granites (2.99, table 4) is much smaller than 
that reported for the average granite in the United States 
(4.73, Stuckless and VanTrump, 1982), and the standard 
deviation for the postorogenic granites (+2.02, -1.21, table 
4) is much smaller than that for the United States granites 
(+5.97, -2.64). Therefore, the data do not suggest any signi­ 
ficant amount of post-magmatic mobility of uranium. This con­ 
clusion is supported by the high correlation coefficient for
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Figure 4. Map showing areal distribution of uranium values for granite samples from 
the southeastern part of the Arabian Shield; sample locations and approximate 
pluton outlines also shown. Symbols represent uranium contents in parts per 
million relative to the mean and standard deviation of uranium contents in 
approximately 2,500 granitic samples from the contiguous United States (Stuckless 
and VanTrump, 1982): triangles, samples having uranium content* within a normal 
range for granites; squares, anomalously uraniferous samples; circles, 
anomalously uranium-poor samples.
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Figure 5. Map showing areal distribution of thorium values for granite samples from 
the southeastern part of the Arabian Shield; sample locations and approximate 
pluton outlines also shown. Symbols represent thorium contents in parts per 
million relative to the mean and standard deviation of thorium contents in 
approximately 2,500 granitic samples from the contiguous United States (Stucklese 
and VanTrump, 1982): triangles, samples having thorium contents within a normal 
range for granites; squares, anomalously thorium-rich samples; circles, 
anomalously thorium-poor samples.
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uranium and thorium (0.83, table 5) and the very high corre­ 
lation coefficient for uranium and radium equivalent uranium 
(0.98). The latter high correlation coefficient and the 
general agreement of U and RaeU values within the limits of 
analytical precision (table 2, fig. 6) indicate that neither 
uranium nor its relatively short-lived daughter products have 
been mobilized in the last several thousand years (Stuckless 
and others, 1977). A map of Th/U ratios (fig. 7) shows that 
only one of the analyzed samples is anomalously deficient in 
uranium relative to thorium, and that, on the average, none 
of the plutons seems to be deficient in uranium relative to 
thorium.

As noted previously, many of the variations in oxide and 
trace-element contents can be ascribed to petrogenetic varia­ 
tions such as degree of partial melting or degree of frac­ 
tional crystallization. It is, therefore, somewhat surprising 
that a significant percent of the variance in some concentra­ 
tions can be correlated with sample location. Aluminum, iron, 
and sodium contents all exhibit a weak, but significant, 
negative correlation with latitude (table 5). Several trace- 
element contents are as well or better correlated with lati­ 
tude (uranium, thorium, and rubidium, table 5). None of the 
major elements are correlated with longitude to a significant 
degree; however, several trace elements covary with longi­ 
tude: uranium, yttrium, thorium, rubidium (table 5), and 
copper (r = 0.36). This is particularly noteworthy in view of 
the wide range of latitudes (5°34'55") relative to the range 
of longitudes (I°49 f 03"). Thus, there is an apparent trend 
from southwest to northeast, but because this is the general 
trend of sample locations, the true variations in chemistry 
could be nearly north-south or east-west.

The observed concentration variations with sample loca­ 
tion could be attributed to an increasing degree of magma 
evolution from southwest to northeast or to a protolithic 
control in which incompatible-element contents increase from 
southwest to northeast. The latter interpretation is parti­ 
cularly attractive in view of regional variations in initial- 
lead isotope compositions noted by Stacey and others (1980) 
and Stacey and Stoeser (t^/7 * 1*^. These workers attribute the 
more radiogenic initial leads (in the east) to an older, 
continental crustal component in the protolith and the less 
radiogenic initial leads (in the west) to a younger, oceanic 
crustal source.

The overlap between the areas with chemical data and 
areas with isotopic data is insufficient to make a direct 
comparison between the two data sets; however, the north­ 
eastern-most area of the current study is close to the area 
of radiogenic leads. If plutons within the southwestern part 
of the current study area were shown to contain non-
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Figure 6.--Diagram showing plot of uranium (U) versus radium equivalent uranium 
(RaeU) values for granite samples from the southeastern Arabian Shield. Lines 
 how a 1:1 correlation and +10 percent.
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radiogenic leads, the chemical data would strongly support 
the proposed regional variations in protolith. Higher con­ 
tents of aluminum, iron, and sodium would be expected from 
oceanic crustal materials and higher contents of incompatible 
trace elements would be expected from continental crustal 
materials.

Suggestions for further work

Concentrations of zinc and copper reported in table 2 are 
distinctly anomalous, but are not sufficiently precise and 
accurate to permit detailed evaluation. Reanalysis of at 
least samples from the more anomalous areas by more accurate 
techniques (such as induction-coupled plasma spectrometry) is 
strongly suggested as a first step in confirmation of anoma­ 
lies. This same technique could be used to simultaneously 
check tin and tungsten contents, which are known to occur in 
anomalous amounts elsewhere in postorogenic granites of the 
eastern Arabian Shield (Cole and others, 1981).

The data in table 5 strongly suggest an areal control for 
anomalous concentrations of trace elements. A quantitative 
check of this suggestion should be made by some sort of trend 
surface analysis. Ideally, compatible data from all postoro­ 
genic granites of the Arabian Shield should be used. Most 
forms of trend surface analysis require a uniform distribu­ 
tion of sample points for a given unit of area, and, there­ 
fore, some computer programming and data adjustment would be 
needed before this approach could be used. Furthermore, the 
variations in contents of trace elements of interest is 
dependent in part on degree of magma evolution, and, there­ 
fore, some sort of normalizing factor would have to be 
developed to minimize variations caused by this factor. In 
spite of the difficulties, the trend-surface-analysis 
approach should identify the most promising areas for mineral 
deposits.

The trace-element evolution of granitic rocks, and hence 
potential for generation of ore deposits, is controlled by 
the mineralogy of the crystallizing magma. This control is 
especially important for such elements as uranium, rare-earth 
elements, niobium, tantalum, tin, and tungsten. For example, 
tin, and to a lesser extent tungsten, deposits are associated 
with granites that lack sphene and magnetite (Lehman, 1982), 
whereas uranium may be assoicated with sphene-, magnetite-, 
and allanite-bearing granites (Pagel, 1982). In view of the 
fact that regional chemical anomalies exist, the determina­ 
tion of trace-mineral suites within the granites and examina­ 
tion of mineral chemistry by microprobe analysis could prove 
useful in the delineation of probable types of ore deposits.
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SUMMARY AND CONCLUSIONS

Copper and zinc occur in anomalous amounts in the 
postorogenic granites of the southeastern Arabian Shield 
(table 4) as compared to average granite and are especially 
anomalous at Jabal Kebad, Jabal Bani Bwana, and Jabal al 
Hassir (table 2). The southeastern part of the Shield may, 
therefore, be a favorable area for concentrations of these 
elements. Data gathered during this study do not suggest a 
particular mode of occurrence.

The concentrations of yttrium, uranium, and to a lesser 
extent thorium are on the average at background levels in the 
postorogenic granites of the southeastern Arabian Shield 
(table 4), but anomalous concentrations do occur in the 
northeastern part of the area sampled (figs. 4 and 5, table 
4). This ar$a forms the end of a southwest-to-northeast trend 
of increasing trace-element enrichments. This trend may 
correspond to recently discovered isotopic patterns and may, 
therefore, reflect a protolithic control. If a protolithic or 
other predictable regional control can be identified, optimum 
areas for detailed work can be defined.

Uranium, thorium, yttrium, and the rare-earth elements 
have similar geochemical behaviors in an igneous environment, 
but uranium in particular can be separated readily from these 
elements in the low-temperature, near-surface environment. 
High correlation coefficients for uranium, thorium, and 
yttrium contents, uranium and radium-equivalent uranium 
contents, and the enrichment of all three elements near a 
pegmatite indicate that economic deposits of these elements 
or rare-earth elements would most likely be controlled by 
magmatic processes. It is suggested that pegmatites 
associated with anomalous postorogenic granites would have 
the highest economic potential.

Finally, more detailed field work, quantitative geochem­ 
istry, and advanced mathematical techniques are all recom­ 
mended for further work in the region of the southeastern 
Arabian Shield.

DATA STORAGE

All results obtained in the course of this study are pre­ 
sented in this report; no data files were created. No exist­ 
ing mineral localities were studied and no specific sites 
were identified for inclusion in the Mineral Occurrence 
Documentation System (MODS) of the Saudi Arabian Deputy 
Ministry for Mineral Resources.
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